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Abstract   
Although the dot-blot-SNP technique is a laborsaving, cost-effective method for SNP genotyping of a large number of plants, 
the synthesis of 5’-digoxigenin(DIG)-labeled oligonucleotides for use as probes is still costly.  We developed two 
probe-labeling methods for this technique, one being digoxigenin labeling of oligonucleotides by PCR (PCR-DIG labeling) and 
the other being hybridization using a bridge probe and a 5’-DIG-labeled oligonucleotide (bridge hybridization).  Bridge 
hybridization detected allele-specific signals under hybridization conditions similar to those for the 5’-DIG-labeled 
oligonucleotides and biotin-labeled oligonucleotides, while signals were detected only under a lower stringency condition by 
PCR-DIG labeling.  As a method for genotyping using many markers at one time, two methods, i.e., PCR using mixed 
primer pairs and hybridization using mixed probes, were examined with successful results.  Eighty-five SNP markers 
designed for genotyping of rice cultivars detected allele-specific signals, the genotyping results corresponding to the previously 
reported ones. 
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Introduction 
Two methods, i.e., PCR-DIG-labeling and bridge hybridization (Fig. 
1), were examined for detecting SNPs.  5’-biotin-labeled 
oligonucleotides were also used for comparison with 5’-DIG-labeled 
oligonucleotides.  For preparation of the PCR-DIG-labeled 
oligonucleotide probe, a template oligonucleotide of 49 nt consisting 
of a 17-nt probe sequence inserted between 4-nt sequences (GGCC) 
recognized by HaeIII, and 12-nt sequences for annealing of primers 
at both ends (5’-GATACAGTGTAC-3’ and 
5’-TGTCACAGTGAC-3’) was synthesized.  The 49-bp 
oligonucleotide was amplified and labeled by PCR with primers 
(5’-GATACAGTGTACGG-3’ and 5’-GTCACTGTGACAGG-3’) 
using PCR-DIG-labeling mix (Roche Diagnostics, Switzerland).  
The PCR product was cleaved by Hae III.  After denaturation in 
boiling water, equal volumes of the cleaved products of the 
DIG-labeled oligonucleotide and the unlabeled oligonucleotide as a 
competitive probe without removal of both end sequences were 
added to hybridization buffer.  For bridge hybridization, a 48-nt 
oligonucleotide consisting of a 17-nt sequence of one allele of an 
SNP marker, a 6-nt spacer sequence (TATATT), and a 25-nt bridge 
sequence, which is an arbitrary sequence 
(5’-ACGAAGCCTCTTAATTGCGAATGTA -3’), was prepared as 
a bridge probe.  A 48-nt oligonucleotide having a 17-nt sequence 
of the other allele of the SNP marker, the 6-nt spacer sequence, and 
a 25-nt bridge sequence 
(5’-TGAAAAGAAGCTTCATCCTTCTCGT-3’) was also prepared 
as a competitive probe.  A 5’-DIG-labeled oligonucleotide having 
a sequence complementary to the 25-nt bridge sequence of the 
bridge probe (5’-TACATTCGCAATTAAGAGGCTTCGT-3’ or 
5’-ACGAGAAGGATGAAGCTTCTTTTCA-3’) was added to 
hybridization buffer.  Signals were detected as previously 
described (Shirasawa et al. 2006). 
   SNP marker S10844, whose ‘Nipponbare’-type allele is 
contained in ‘Nipponbare’, ‘Koshihikari’, ‘Akihikari’, and  
 ‘Kasalath’ and whose variant-type allele is contained in 
‘Hatsuboshi’, ‘Kihou’, ‘Hitomebore’, and ‘Kirara397’ 
(Shirasawa et al. 2006), was used for evaluation of the labeling 
methods.  Under the highest stringency condition tested, i.e., 
hybridization and washing with 0.1 × SSC/0.1% SDS at 50˚C, 
allele-specific signals were detected by 5’-DIG labeled 
oligonuceotides, but PCR-DIG-labeled oligonucleotides, bridge 
hybridization, and 5’-biotin-labeled oligonucleotides showed no 
signal (Fig. 2).  On the other hand, non-specific signals were 
high in the analysis of the variant-type allele under the lowest 
stringency condition, i.e., hybridization and 1 × SSC/0.1% SDS 
washing at 40˚C, by 5’-DIG-labeled oligonucleotides and bridge 
hybridization.  Allele-specific signals were detected by 
PCR-DIG-labeled oligonucleotides and 5’-biotin-labeled 
oligonucleotides under this hybridization condition.  Under 
intermediate stringency conditions, i.e., hybridization and 0.1 × 
SSC/0.1% SDS washing at 40˚C or hybridization and 1 × 
SSC/0.1% SDS washing at 50˚C, allele-specific signals for both 
alleles were clearly detected by bridge hybridization and 
5’-DIG-labeled oligonucleotides, and weakly detected by  
5’-biotin-labeled oligonucleotides, but not detected by 
PCR-DIG-labeled oligonucleotides.  Seven SNP markers, 
which are necessary for distinguishing all the 17 Japonica 
cultivars used in this study (Table 1), were prepared with these 
two labeling methods and biotin labeling.  Although all the 
labeling methods detected allele-specific signals, the optimum 
hybridization conditions were different not only between the 
SNP markers but also between the labeling methods (Table 2).  
Bridge hybridization yielded higher signals than 
PCR-DIG-labeled oliginucleotides.   
   The dot-blot-SNP technique is suitable for genotyping of 
many plant individuals, but not for analyzing a small number of 
plants.  For identification of cultivars using a few plants, 
analysis with multiple SNP markers is desirable.  Using bridge  
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hybridization probes and 5’-biotin-labeled oligonucleotides, we 
tested two methods of dot-blot hybridization with multiple SNP 
markers, one being multiplex PCR followed by dot-blot-SNP 
analysis with different membranes for each probe and the other 
being dot-blotting of PCR products amplified with each primer pair 
onto two membranes followed by hybridization with mixtures of 
multiple probes.  After multiplex PCR using the primer pairs to 
amplify 300-bp DNA fragments for the seven SNP markers shown 
in Table 2, bridge hybridization detected allele-specific signals in 
both alleles of S0651, R1744, E61310, C53863, and E2439, but no 
signal in E1919.  Analysis of variant-type alleles in R2702 
showed many false signals (Fig. 3).  5’-biotin-labeled 
oligonucleotide probes yielded similar results, but slightly lower 
signal intensities. 
   Using the other method, i.e., separate PCR and hybridization 
with multiple probes, allele-specific signals without non-specific 
signals were detected in four of the seven SNP markers in bridge 
hybridization (Fig. 4).  Non-specific signals were high in analyses 
of the both alleles of S0651 and E2439 and the ‘Nipponbare’ allele 
of R2702.  Raising the hybridization temperature enabled 
detection of allele-specific signals of these SNP markers, but such a 








































and E61310.  In hybridization with 5’-biotin-labeled 
oligonucleotide probes, intensities of allele-specific signals were 
lower than those in bridge hybridization, but non-specific signals 
were also low, enabling easier genotyping. 
   Oligonucleotides for 45 loci having SNPs between Japonica 
rice cultivars (Shirasawa et al. 2007) were prepared and labeled by 
the PCR-DIG-labeling method.  For detection of allele-specific 
signals, hybridization and washing conditions were optimized 
(Supplementary Table 1).  5’-biotin-labeled oligonucleotides for 
20 loci were also designed (Supplementary Table 2).  Genotypes 
of 17 Japonica rice cultivars were analyzed by dot-blot-SNP using 
the 45 PCR-DIG-labeled oligonucleotides and the 20 
5’-biotin-labeled oligonucleotides, the results corresponding to the 
genotyping by PCR-RF-SSCP reported by Shirasawa et al. (2007).  
Bridge probes for 20 SNP markers were also prepared for graphical 
genotyping of low-temperature tolerant lines developed by a cross 
between ‘Hitomebore’ and ‘Lijiangxintuanheigu’ (Supplementary 
Table 3), and all of them yielded allele-specific signals. 
   Although the most powerful tools for large-scale SNP analysis 
are considered to be the microarray techniques based on 
allele-specific hybridization (Hacia et al. 1998) or primer extension 
(Syvänen 2001, Shen et al. 2005), these techniques require costly  
 
Fig. 1. Scheme of PCR-DIG labeling and bridge hybridization.  a: PCR-DIG-labeling.  Probe sequences were amplified and labeled by 
PCR with DIG-dUTP using an oligonucleotide as a template.  After cleavage with HaeIII, the DIG-labeled probe was hybridized with 
dot-blotted PCR products together with an unlabeled competitive probe.  Black boxes indicate sequences used as probes, and white 
boxes and gray boxes show recognition sites of HaeIII and sequences for primer annealing in PCR-DIG labeling, respectively.  b: Bridge 
hybridization.  A bridge probe having an allele-specific sequence (black box), a spacer sequence (white box) and a bridge sequence 
(gray box) was hybridized with dot-blotted PCR products together with a competitive bridge probe and a 5’-DIG-labeled oligonucleotide 
having a sequence complementary to the bridge sequence. 












































special equipment, which is not available in most laboratories or 
small research institutes.  Furthermore, these techniques are not 
suitable for genotyping of a small number of loci, less than 50, of a 
large number of plants, more than 1,000, which are used in 
conventional crossbreeding programs.  Despite being a classical 
technique, the dot-blot-SNP technique (Shirasawa et al. 2006) may 
be the most laborsaving, cost-effective technique among various 
SNP assays for analysis of a large number of individuals.  
Although hybridization and signal detection in the dot-blot-SNP 
technique is somewhat laborious, the labor and time for each 
sample are small because more than 1,000 samples can be analyzed 
at one time.  This technique requires no special equipment and is 
usable in any small laboratory.  One problem with this technique, 
however, is the high cost for synthesizing the 5’-DIG-labeled 
oligonucleotides.   
   Although PCR-DIG-labeled oligonucleotides detected no signal 
under the same hybridization condition as the 5’-DIG-labeled 












































detection of allele-specific signals.  Oligonucleotides for 
PCR-DIG-labeled probes can be prepared at low cost, but the 
DIG-labeling process entails some labor.  Bridge hybridization 
was found to be nearly as sensitive as direct hybridization of 
5’-DIG-labeled oligonucleotides.  Bridge hybridization is a 
complicated technique using three oligonucleotides for 
hybridization, i.e., a bridge probe having the sequence of an allele 
to be detected, a bridge probe having the sequence of the other 
allele as a competitive probe, and the 5’-DIG-labeled 
oligonucleotide that hybridizes only with the former bridge probe.  
However, one pair of 5’-DIG-labeled oligonucleotides can be 
applied to any SNP markers.  Preparation of only a pair of 
unlabeled 48-nt oligonucleotides is required for producing a new 
SNP marker.  Bridge hybridization is considered to be the most 
cost-effective and laborsaving method among the four labeling 
methods tested when analyzing SNPs at many loci.  
   Both multiplex PCR followed by hybridization with different 
oligonucleotide probes and separate PCR followed by hybridization  
 
Fig. 2. Dot-blot-SNP analysis using the three types of oligonucleotide probes under different hybridization conditions.  Used SNP 
marker was S10844 (probe sequences, CAGTAGAGCTGTGGAGA and CAGTAGAGTTGTGGAGA; primer sequences 
CTCTTCTACGCCAGGTTCCAA and GCACAGTAACCAGATCAACAG, Shirasawa et al. 2006).  The probes were hybridized with 
PCR products of eight cultivars. A, ‘Nipponbare’-type allele; B, variant-type allele.  1, ‘Nipponbare’; 2, ‘Koshihikari’; 3, ‘Hatsuboshi’; 
4, ‘Kihou’; 5, ‘Akihikari’; 6, ‘Hitomebore’; 7, ‘Kirara397’; 8, ‘Kasalath’.  Hybridization and washing were performed at 50˚C or 40˚C, 
and second washing was carried out with 0.1 × SSC/0.1% SDS or 1 × SSC/0.1% SDS.  5’-DIG-labeled oligonucleotides were used for 
control experiment. 
 






























































































































































with multiple probes detected allele-specific signals and were 
found to be useful techniques for analysis of a small number of 
samples with many SNP markers.  In multiplex PCR using seven 
primer pairs, five markers detected allele-specific signals by both 
bridge hybridization and 5’-biotin labeling.  The inability to detect 
allele-specific signals is considered to be due to the low ability of 
some primer pairs to amplify the target sequences under the 
thermal cycling condition used for multiplex PCR.  Hybridization 
with mixed probes also yielded allele-specific signals with four 
SNP markers, while three markers detected non-specific 
background signals.  Further addition of the competitive 
oligonucleotides may reduce the background signals.  Since 
optimum hybridization conditions are different between probes, 
choosing SNP markers having similar hybridization conditions 
would yield better results in hybridization with multiple probes.   
   The remaining laborious step of dot-blot-SNP analysis that  
should be improved is preparation of genomic DNAs from a large 
number of plants for PCR templates.  DNAs prepared by the 
CTAB method (Murray and Thompson 1980) or the method of 
Edwards et al. (1991) are reliable PCR templates, but these 
methods require much time.  In the method of Wang et al. (1993), 
only maceration of a plant tissue in alkaline solution and dilution of 
the solution are required.  Although this method is highly simple, 
but success of DNA amplification has been found to be 
inconsistent (Shirasawa et al. 2006, our unpublished results).  
Blotting DNA from a plant tissue onto FTA® cards (Whatman, UK) 
can be used as a simple method for preparation of the PCR 


































we found a 1-mm leaf disk to be directly usable as a PCR template 
for dot-blot-SNP analysis (Shiokai et al. 2009). 
   The SNP markers developed in the present study can be used 
for genotyping of plants and identification of Japonica rice 
cultivars.  Since DNA polymorphisms are infrequent between the 
genomes of Japonica rice cultivars (Nasu et al. 2002; Monna et al. 
2006; Shirasawa et al. 2004, 2007), these markers may also be 
useful for QTL analysis and marker-assisted selection using 
progeny of a hybrid between Japonica rice cultivars.  These 
dot-blot-SNP markers together with the 100 markers reported in 
our previous paper (Shirasawa et al. 2006) are good additional 
DNA markers for Japonica rice.   
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Fig. 3. Dot-blot-SNP analysis using multiplex PCR.  DNA fragments of the 17 cultivars (1 to 17, Table 1) were amplified by PCR with a 
single primer pair (S) or by multiplex PCR with a mixture of the seven primer pairs (M) for E1919, S0651, R1744, E61310, C53863, 
E2439, and R2702.  Both bridge hybridization markers and 5’-biotin-labeled oligonucleotides were used. 
 
 
Fig. 4. Genotyping of the 17 cultivars using mixed probes of dot-blot-SNP markers.  ‘Nipponbare’-type probes of seven SNP markers, 
i.e., E1919, S0651, R1744, E61310, C53863, E2439, and R2702, were mixed and hybridized separately with variant-type probe mixture.  
The 17 cultivars are shown as ‘1’ to ‘17’ (Table 1). 




Edwards K, Johnstone C, Thompson C (1991) A simple and rapid 
method for the preparation of plant genomic DNA for PCR 
analysis. Nucleic Acids Res 19:1349 
Hacia JG, Sun B, Hunt N, Edgemon K, Mosbrook D, Robbins C, 
Fodor SPA, Tagle DA, Collins FS (1998) Strategies for 
mutational analysis of the large multiexon ATM gene using 
high-density oligonucleotide arrays. Genome Res 8: 1245-1258 
Monna L, Ohta R, Masuda H, Koike A, Minobe Y (2006) 
Genome-wide searching of single-nucleotide polymorphisms 
(Oryza sativa L.) and a wild accession (Oryza rufipogon Griff.) 
DNA Res 13: 43-51 
Murray MG, Thompson WF (1980) Rapid isolation of high 
molecular weight plant DNA. Nucleic Acids Res 8:4321-4325 
Nasu S, Suzuki J, Ohta R, Hasegawa K, Yui R, Kitazawa N, 
Monna L, Minobe Y (2002) Search for and analysis of single 
nucleotide polymorphisms (SNPs) in rice (Oryza sativa, Oryza 
rufipogn) and establishment of SNP markers. DNA Res 9: 
163-171 
Roy Y, Nassuth A (2005) Detection of plant genes, gene 
expression and viral RNA from tissue prints on FTA® cards. 
Plant Mol Biol Rep 23:383-395 
Shen R, Fan J-B, Campbell D, Chang W, Chen J, Doucet D, 
Yeakley J, Bibikova M, Garcia EW, McBride CM, Steemers F, 
Garcia F, Kermani BG, Gunderson K, Oliphant A (2005) 
High-throuput SNP genotyping on universal bead arrays. 
Mutation Res 573: 70-82 
Shiokai S, Kitashiba H, Shirasawa K, Nagano K, Nishio T (2009) 
Leaf-punch method to prepare a large number of PCR 
templates from plants for SNP analysis. Mol Breed 23: 329-336  
Shirasawa K, Monna L, Kishitani S, Nishio T (2004) Single 
nucleotide polymorphisms in randomly selected genes among 
japonica rice (Oryza sativa L.) varieties identified by 
PCR-RF-SSCP. DNA Res 11:275-283 
Shirasawa K, Shiokai S, Yamaguchi M, Kishitani S, Nishio T 
(2006) Dot-blot-SNP analysis for practical plant breeding and 
cultivar identification in rice. Theor Appl Genet 113: 147-155 
Shirasawa K, Maeda H, Monna L, Kishitani S, Nishio T (2007) 
The number of genes having different alleles between rice 
cultivars estimated by SNP analysis. Theor Appl Genet 
115:1067-1074 
Syvänen A-C (2001) Accessing genetic variation: Genotyping 
single nucleotide polymorphisms. Nature Rev Genetics 2: 
930-942 
Till BJ, Burtner C, Comai L, Henikoff S (2004) Mismatch cleavage 
by single-strand specific nuclease. Nucleic Acids Res 32: 
2632-2641 
Wang H, Qi M, Culter AJ (1993) A simple method of preparing 
plant samples for PCR. Nucleic Acids Res 21:4153-4154 
  
Supplementary table 1  Nucleotide sequences and hybridization conditions of PCR-DIG-labeled dot-blot-SNP markers
Forward primer sequence (5'-3') Probe sequence of 'Nipponbare' type (5'-3')





















































































































































































































































R2664 11 25335264 40
Supplymentary table 2  Nucleotide sequences and hybridization conditions of 5'-biotin-labeled dot-blot-SNP markers
Forward primer sequence (5'-3') Probe sequence of 'Nipponbare' type (5'-3')









































a: 'N' represents a 'Nipponbare' type and 'V' does a variant type.
50
40
40
1xSSC/0.1%xSDS
1xSSC/0.1%xSDS
1xSSC/0.1%xSDS
 N:1xSSC-V:0.1xSSC/0.1%xSDS
40
40
40
1xSSC/0.1%xSDS
1xSSC/0.1%xSDS
1xSSC/0.1%xSDS
17110873 40
40
30
40
50
1xSSC/0.1%xSDS
52272218S4853
S3680 8 18344367
5
C0820
9E0349
S21013
E20943
C0106
6
4
C61928
C10106
C1456
S10045
C53722
1xSSC/0.1%xSDS
40
40
40
1xSSC/0.1%xSDS
1xSSC/0.1%xSDS
1xSSC/0.1%xSDS
E61502
R1804 7
22841785
3324222
5290923
19182659
R1488 7
7
S5407
E0211
6
6
2
3
Marker name Chr.
C0101 1
E60475
C30024
1
2
5901203
1xSSC/0.1%xSDS
0.1xSSC/0.1%xSDS
Temperature of
hybridization and second
washing
Second washing buffera
30926011
17816703
18828120
1xSSC/0.1%xSDS
1xSSC/0.1%xSDS
1xSSC/0.1%xSDS
40 1xSSC/0.1%xSDS
40
40
40
1xSSC/0.1%xSDS
40
50
1xSSC/0.1%xSDS
16667671
4
SNP position
4851683
8793184
26469268
4
6896396
1
1
20120616
16554327
4430027
22377949
 
